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(57) Abstract 

A process and apparatus for the deacidification and removal of moisture and/or solvent from books. Container? of books 
f 10) are moved by convevor (42) into a drying chamber (CI) where the books arc dried under vacuum d»e|ectnc heating (22, 24). 
The conveyor (42) moves the containers of books (10) to a lockhopper (L3) filled with a soluUon of dcacidifying chemical com- 
pounds in a solvent After the books become saturated with the solution, the conveyor (42) moves the container of boofcs (10) to a 
rinse lockhopper (U) where the books are rinsed with solvent, and then to a chamber (C2) where solvent is removed from the 
books under vacuum using dielectric heating. 
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BOOK DEACIDIFICATION METHOD AND APPARATUS 

■Phis invention relates to methods and 
apparatus for the preservation of books, nanuscnpts, 
documents and other printed records by neutralizing 
5 the acidity of the paper on which they are printed. 

mr..^ -'-an ^00 vesrs the processes 
-or more ^i.dii ^ 

^onmomv i.oloyed to r,ana£acture paper have resulted 
In a oroduct which contains acid .orning chemicals. 
Ov.r ti^e acid paper tarns yellow, becomes brittle and 

10 eventually disintegrates. 3oo.s have been made with 
3,,, oaper. As a consequence, almost all or the 
libraries in che world are in danger of losing a vast 
majority of their collections. Certainly, almost a 
boo.s printed in the past 100 to 150 years wi 1 

15 disintegrate unless treated to neutralize the acidity 
in the paper. The problem has been recognized for 
some tin,;, as evidenced by a recent study "Mass 
Daacidificatioh for Libraries" by George Martin Cunha 
orinted in Library Technology Reports, Volume 23, No 

20 3 May - June 1987, which reported all prior methods of 

.-1. - ^ T " 3 - - - ^- f T. h e i: o b 1 em are 
nass csa J - - ^ - - ^- - - ^ ' • ' " 

evident; one being the potential detrimental effects 
of the chemicals employed in the process, such as 
causing certain types of in. to run, for example and 

25 the other being the time required to process a booK . 
Whatever chemical process is employed, the time 
element is critical. Not only are there literally 
millions of books that must be deacidified, but also 
disintegration is being accelerated by acids carried 

30 by or produced from air-borne pollution, such as 
vehicle exhausts, that has increased dramatically m 
the past few decades. The processes for 

deacidification have required the removal of moisture 
and/or a solvent from the books. Since paper has good 
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insulating properties which slows the trans^ic of 
heat, drying times consume a major portion of 
total process cycle time. 

The present invention addresses the ne 
5 element of the deacidif ication process and pr-^.id-., : a 
method and apparatus that rapidly removes moi.^ure or 
solvent and thereby reduces the total cyrle ti.iie 
required to deacidify a book load. The present 
invention also subjects the books being processed to 

10 minimal stress, thermal as well as physical, processes 
each page of every book uniformly, and requires no 
preconditioning or inspection prior to being 
processed. This invention further provides an 
efficient and orderly processing of library books, 

15 minimizing the physical handling required to prepare 
them for processing and to return them to the proper 
place in the library shelves, as well as ensuring the 
integrity of the collection. This invention is also 
particularly suited to process large quantities of 

20 books. 

These and other attributes of the present 
invention, and :?iany of tne attendant advantages 
thereof, will become more readily apparent upon a 
perusal of the following descriptions and the 
25 accompanying drawings, wherein: 

Figure 1 is a schematic representation of a 
preferred embodiment of apparatus for the mass 
deacidif ication of books; 

Figure 2 is a vertical section, taken on the 
30 longitudinal centerline, of a portion of a dielectric 
dryer included in the apparatus of Figure 1; 

Figure 3 is a cross-section view taken on 
line 3 - 3 of Figure 2; 

Figure 4 is a vertical section, taken on the 
35 longitudinal centerline, of a lockhopper included in 
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the apparatus of Figure 1; and 

Figure 5 is a cross-sectional view taken on 

line 5 - 5 of Figure 4. 

Referring now to Figure 1, containers or 
5 trays 10 filled with books are conveyed into an 
entrance lockhopper Ll through a knife valve Kl which 
:nay be closed to isolate tha lockhopper 11 from 
atmosphere. A knife valve K2 is provided at the other 
end of the lockhopper Ll and provides a seal between 

10 the lockhopper Ll and a drying or vacuum chamber CI. 
The drying chamber cl, as shown in Figures 2 and 3, 
includes 3 shell 20 capable of sustaining a vacuum and 
upoer and lower electrodes 22 and 24 of a dielectric 
he'ater. The upper electrode 22 is supported from the 

15 shell 20 by standoffs 26 made of dielectric material 
such as ceramic. The lower electrode 24 is supported 
by brackets 25 secured to supports 28 and is grounded 
through the brackets 25 to the supports 28. Both 
electrodes 22 and 24 are preferably made of perforated 

20 aluminum. A power supply 30 supplies high voltage 
direct current, e.g. 2000V. DC or higher, through a 



conaaccoi: 



radio fr-qu--ry :7ower --nerator 34. 



The RF power produced by generator 34 is fed to a 
supply conductor 35 through an appropriate RF power 

25 feed-through 38 which maintains the vacuum integrity 
of the shell 20 while permitting transmission of the 
RF energy. The conductor 36 connects to the upper 
electrode 22 which must be tuned by the stubbing 
inductors 40 connected between the electrode 22 and 

30 the grounded shell 20. The aforementioned tuning is 
achieved by providing the proper number of coils or 
turns in the stubbing inductors 40. The frequency is 
in the RF power spectrum in the range of 5 MHz to 27 
MHZ. A conveyor belt 42 made of a dielectric 

35 material, e.g. silicon rubber, is trained over a pair 
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of rollers, the powered one of which is shown at 44. 
A shaft 46 is affixed to the roller 44 and is 
rotatably supported by supports 28 and driven by a 
motor 43. The belt 42 extends over the lower 
5 electrode 24 and is capable of transporting the 
containers 10 toward the right as viewed in Figure 2. 

?he drying chamber CI is connected with a 
vacuum oump V?l, which preferaoly is of the 
liquid-sealed type that is capable of pumping nixtures 

10 of air and water vapor, through a conduit 50. The 
residual moisture in the books, which typically is 6 - 
7% by weight for shelved library books, is reduced in 
the vacuum chamber CI to between 0.5 and 2.5%. This 
reduction in moiscure is achieved by heating the 

15 books, while subjected to vacuum pressure, in the 
dielectric field between the electrodes 22 and 24. 
The dielectric field will produce uniform heating of 
the books at a temperature below the boiling point of 
water at the lower vacuum pressure. Since the books 

20 must not be heated above 60 - 65^0, the vacuum 
pressure, which is 10 - 30 inches of mercury, keeps 
zha bcc-c zanipe^ ires below this naxirnum, while also 
removing the moisture from the chamber CI. The 
allowable lengths of the electrodes in the drying 

25 chamber CI will be limited by the frequency of the RF 
power used in the dielectric heater. Uniformity of RF 
field and of heating is best achieved by avoiding 
creation of standing waves within the chamber CI. As 
the lengths of the electrodes in the chamber CI 

30 increase, lower frequencies having longer wavelengths 
are required where uniform heating is desired 
throughout the chamber Cl. 

An isolation lockhopper L2 is connected with 
the drying chamber CI and has a knife valve K3 and K4 

35 at each end. This lockhopper assures a complete 
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separation between the moisture or water portion and 
the solvent portion of the apparatus. A saturation 
lockhopper L3 is connected with the isolation 
lockhopper L2 and two rinse lockhoppers L4 and L5 are 
5 connected in series with the lockhopper L3 . Knife 
valves K5 and K6 are capable of separating these 
lockhoppers. A liquid ?ump PI is capable of filling 
Che lockhopper 13 with a solution of deacidifying 
chemical coKipounds such as disclosed m U.S. patent 

10 application Serial Mo. 252,421 filed September 30, 
1939 , for exaz-.ple, dissolved in a solvent, such as 
trichlorotrifluroethane or hexane, for example. The 
pump PI draws this solution from tank Tl and delivers 
it to lockhopper L3 through conduit 52. As the books 

15 are hot from the drying cycle, some of the solution 
will boil off and a space is desirably provided at the 
top of the lockhopper L3 to assure separation between 
the solvent liquid and vapor. The books may be 
agitated or the solution may be circulated to improve 

20 the penetration. When the books in the lockhopper L3 
are saturated, the solution is drained to tank T2 and 
a vacuum drawn oy vacuum pump VPl. The solvent vapors 
pass through an absorber Al where they are condensed 
by circulation of cold solvent which is cooled by 

25 chiller 54 and circulated by pump P5. A carbon filter 
55 is interposed in the outlet side of pump VP2 to 
remove traces of solution vapor. A small back 
pressure is maintained by back pressure check valve 58 
to prevent backflow of ambient air into the filter 56 

30 and other parts of the system. 

The lockhopper L3, which is similar to all 
other lockhoppers, is shown in Figures 4 and 5. A 
conveyor belt 60 is trained over a powered roller 62 
and an idler roller 64. A support plate 66 maintains 

35 the upper run of the belt 60 level for support of the 
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containers 10 filled with books. The books may be 
packed in open trays, but preferably are packed into 
containers 10. The containers 10 include a bottom or 
case 70 and a lid 72, both of which are liberally 
5 provided with openings to permit solvent vapor to exit 
and liquid solvent to enter into and drain from the 
container. The books are taken froip. the library 
shelf/ and placed In order in the case 70 on their 
spines; the case 70 being at the tine inverted from 

10 the position shown in Figures 4 and 5. The lid 72 is 
placed on case 70 and sealed to protect the integrity 
and order of the collection. The end of the case 70 
opposite the iid 72 is smaller in dimension than the 
end adjacent the lid 72 so that when the containers 10 

15 are inverted to rest on the lid 72 the free end of the 
book will have an opportunity to open slightly. This 
facilitates penetration of the solution and escape of 
the moisture or solvent vapor. The books will have a 
tendency to float upward when the lockhopper L3 is 

20 filled with liquid. In order to limit upward movement 
of the container 10 and to assure proper orientation 
on the conveyor oelt 60, an inverted U-shaped guide 
member 74, which is open at each end to permit 
movement of the containers 10 by the conveyor belt 60, 

25 is engageable with the container 10. The rod 76 is 
attached to the member 74 and extends through a seal 
78 in the top wall of the lockhopper L3 and may be 
oscillated and/or agitated vertically to facilitate 
movement of solution through the books in the 

30 container 10. Alternately, agitation may be 
accomplished by circulating the solution through the 
lockhopper. 

The rinse lockhopper L4 is connected with a 
pump P2 which pumps a rinse of solvent from rinse 
35 tanks Rl , The pump P2 provides a second rinse from 
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rinse tank R2 into lockhopper L5 . The concentration 
of compound in the solvent decreases from tank Rl to 
tank R2. Excess compound is thereby removed from the 
books. A solvent removal chamber C2 connects with the 
5 rinse lockhopper L5 with a knife valve K7 
therebetween. The chamoer C2 is similar to drying 
chamoer Cl and hea-s --he oooks by .-^aans of a 
dielectric field wail^ subjected to the vacuum from 
vacuum pun? VP2. An exit lockhopper L5 connects with 

10 the chamber C2. A knife valve K8 is interposed 
therebetween and knife valve K9 is provided at the 
free end of lockhopper L6. 

With containers of oooks m ail locknoppers 
and in both chambers Cl and C2, with heacing power on 

15 in both chambers Cl and C2, with all lockhoppers and 
chambers under vacuum and with all valves closed 
except valves V2, V4 , V6, V8 , V12, V14, V17 and V19, a 
container of finished books can be discharged from the 
process by closing valve V19 to isolate L6 under 

20 vacuum. Valve V20 is opened to purge L6 with air. 
Knife valve K9 is opened and the conveyor in L6 
opetacsd to .mv- a finisned container zz c.c-.s fron 
L6. Knife valve K9 and valve V20 are then closed and 
valve V19 opened to permit pump VPl to evacuate L5. 

25 The RF power to C2 is turned off and V18 opened to 
equalize pressure in C2 and L6. Knife valve K3 is 
then opened and the most forward container in chamber 
C2 is moved by the conveyor into L6. Knife valve K8 
and valve V18 are closed and valve V16 is opened to 

30 equalize the pressure in L5 and C2. Knife valve K7 is 
opened and the container in L5 moved into C2 and the 
containers in C2 are advanced, the chambers Cl and C2 
being capable of holding multiple containers end to 
end. Knife valve K7 and valve V16 are closed and the 

35 RF power to C2 turned on to initiate solvent removal. 
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Valve V13 is then opened to equalize che pressure in 
L4 and L5 . Knife valve K6 is opened and the con'.ainer 
in L4 IS moved to L5, Knife valve K6, and vai\ i V13 
and V14 are closed to isolate L5 under vacuu' from 
5VP2. Valves 91, 93 and 95 are opened and loc opper 
L5 is flooded with clean solvent from rinse tank .il by 
Dump ?2. When flooding is coriplete, pun? ?2 is 
stopoed and valves 91, 93 and 95 are closed. During 
the rinse the books may be agitated or the solvent may 

lObe circulated. When the rinse is completed valves 97 
and 99 are opened to drain solvent into tank Rl. 
Valve Vi5 is also opened to assist m purging rinse 
solvent in L5 into cank Rl from the pressurized 
solvent vapor maintained in tank T5. Valves V15, 97 

15 and 99 are closed to isolate L5 at the solvent vapor 
pressure in tank T5 . Valve V14 is then opened to 
permit evacuation of L5 by pump VP2. Valve VIO is 
opened to equalize the pressure in L3 and L4. Knife 
valve K5 is opened to permit the container in L3 to be 

20moved into L4. Knife valve K5 , and valves VIO and V12 
are closed to isolate L4 under vacuum from pump VP2. 
/axves IC^ ani 133 are opened zz -nac p-^p ?2 can 

flood L4 with once-used solvent from rinse tank Rl . 
When L4 is flooded, pump P2 is turned off and valves 

25 91, 101 and 103 closed to stop solvent flow to L4 . 
During the rinse the books may be agitated or the 
solvent may be circulated. When the rinse is 
completed valves Vll, 105 and 107 are opened and the 
rinse solution in L4 is purged to tank T2 with assist 

30 from the pressurized solvent vapor maintained in tank 
T5. Valves Vll, 105 and 107 are closed so that L4 is 
isolated at solvent vapor pressure of tank T5. Valve 
V12 is opened to permit punp VP2 to evacuate 1^4. 
Valve V6 is closed to isolate L2 under vacuum of pump 

35vPl. Valve V7 is opened to equalize pressure in L2 
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and L3. Knife valve K4 is opened and the container in 
L2 is' moved to L3. Knife valve K4 and valve V7 are 
closed and valve V5 is opened to permit pump VPl to 
evacuate L2. Valves 109 and 111 are opened and the 
5 lockhopper L3 is flooded with treatment solution in 
tank Tl by pump PI. The treatment solution 
Jmpregna-.as the books in L3 and vapors are removed by 
Dump VP2. valves i09 and Hi are closed and ?ump Pi 
IS turned off to scop solution flow to L3 . During the 

10 treatment "-he books may be agitated. When the 
treatment is complete valve V8 is then closed to 
isolate L3. Valves V9 , 113 and 107 are opened to 
purge solution into tank T2 with assist from the 
pressurized solvent vapor maintained in tank T5. 

15 Alternatively, valve 115 may be opened instead of 
valve 107 to return the solution to tank Tl. Valves 
V9 and 113 and the previously selected one of valves 
107 and 115 are closed to isolate L3 at solvent vapor 
pressure as it exists in tank T5 . Valve V3 is opened 

20 to permit VP2 to evacuate L3. The RF power to CI is 
turned cff to stop moisture (water) removal. Valve V5 
is opened to equalize the pressures m Cl and L2. 
Knife valve K3 is opened and the most forward 
container in Cl is moved into L2. Knife valve K3 and 

25 valve V5 are closed to isolate L2. Valve V3 is opened 
to equalize the pressure between Cl and LI. Knife 
valve K2 is opened and the container in Ll moved into 
Cl, While the containers in Cl are indexed. Knife 
valves K2 and valves V2 and V3 are closed to isolate 

30 Ll at vacuum pressure. RF power is turned on to Cl to 
restart water removal. Valve VI is opened to purge Ll 
with atmospheric air. Knife valve Kl is opened and a 
new container placed in Ll . Knife valve Kl and valve 
VI are closed to isolate Ll at atmospheric pressure. 

35 valve V2 is opened to permit pump VPl to evacuate Ll, 
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which completes one cycle. 

Tank T3 contains solvent with a high 
concentration of treatment compound which can be 
metered into tank T2 by pump P3 to bring the spent 
5 solution to the proper concentration after which it 
can be pumped by pump ?4 through filter 90 to tank Tl . 

Since all operations in che semi-continuous 
ooeration described above are sequential, the total 
process cycle time is determined by the time it takes 

10 to perform the slowest operation. Saturation of the 
books in lockhopper L.3 and the two rinse operations in 
lockhoppers L4 and L5 are usually the determinates of 
cycle time since these lockhoppers accept a single 
tray or container of books. The minimum time for 

15 saturation or impregnation and for rinsing is about 
three minutes. The residence times for the two 
chambers CI and C2 are about ten minutes. The 
residence time in each chamber divided by the number 
of containers in the chamber equals the cycle time for 

20 that operation. Making the chambers CI and C2 longer 
so they will accept more trays^ and increasing the 
size cz cni r:cwer suppi^£3 to :'^Lzn, vill reduce the 
cycle times for these chambers. 

The method of the present invention may also 

25 be accomplished by a batch process. In a batch 
process, only a chamber similar to CI is necessary 
with the tanks Tl, T2, Rl and R2 and their associated 
pumps connected therewith instead of with the 
lockhoppers. The books are placed in the chamber in 

30 the same types of containers and residual moisture 
reduced to the proper level by subjecting the chamber 
to vacuum and the books to a dielectric field. The 
chamber is then flooded with a treatment solution, 
which is then drained off when saturation is 

35 complete. The vacuum may be applied during the 
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flooding to promote penetration of the solution. The 
books are then rinsed with solvent one or more times 
to remove excess treatment chemicals. The vacuum is 
then applied to dry the chamber itself and the power 
5 is then turned on to heat the books and drive off the 
solvent. When dry the container of treated books is 
removed from the chamber and another container placed 
in the chamber cor treatment- . 

containers of books that have been treated 

J i-hc Mh-ar" for reshelving. 

'Ocan then be returned to -h. ..o.a.. 

If the relationship that existed between the books on 
-he shelves is maintained as they are placed in the 
containers, it will be relatively easy to reshelf them 
in the same order since the relationship between the 

15 books is maintained throughout both batch and 
semi-continuous processes. Handling required by 
library personnel is therefore minimized, as is 
disruption in use by borrowers and researchers. 

VVhile one embodiment of the present invention 

20 has been illustrated and described, various changes 
:.ay be made therein without departing from the spirit 
of the invention as defined cy the ocope of tne 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of introducing a deaci ..fying 
chemical compound dissolved in a solvent i 3 zhe 
pages of a book comprising the steps of: 

reducing the residual moisture in £ -d book 

zo a o rederie riT.ined level; 

wetting said oook \<iz'n a solution of said 

compound ; 

subjecting said book ::o a vacuum; and 
subjecting said book no dielectric energy to 
drive off said solvent. 

2. The method according to claim if wnerein 
the reduction of residual moisture is achieved by 
subjecting said book to dielectric energy. 

3. The method according to claim 2, wherein 
the power level of the dielectric energy is related to 
the weight of said book. 

4. A method of introducing a deacidifying 
chemical compound into the pages of a book comprising 
the steps of: 

^_.c^GCc_r;g ^aid ^oor: „o /r. ^^^r. and 

dielectric energy to reduce the residual moisture in 
said book to a predetermined level; 

wetting said book with a solution of said 
compound in a solvent; and 

driving off said solvent, 

5. The method according to claim 4; wherein 
said solvent is driven off by subjecting said book to 
a vacuum and dielectric energy. 

6. The method according to claim 5 wherein 
the power level of said dielectric energy is related 
to the weight of said book. 

7. Apparatus for introducing a 
deacidif ication compound dissolved in a solvent into 
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-la- 
the pages of a book comprising: 

vacaum chamber means capable of holding said 

books ; 

means for selectively drawing a vacuum on 
said chamber means; 

means for selectively subjecting at least a 

portion of said chamber means to dielectric energy; and 

means foe selectively introducing said 
solution to and draining said solution from said 
chamber means. 
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